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IMPROVED SUPERSWEET CORN 

FIELD OF THE INVENTION 

This invention relates to plant biotechnology and 
specifically to corn, alternatively knovn as maize, Zea mays or 
Indian corn. In particular the invention relates to supersveet 
corn vith improved qualities, methods of producing the improved 
supersveet corn, vectors for the genetic engineering of the corn, 
DNA used to transform corn, and genomic clones containing the 
desired DNA. 

BACKGROUND OF THE INVENTION 

The endosperm is a major site of starch deposition during 
maize kernel development. Many genetic loci affecting 
carbohydrate metabolism are knovn and some have been biochemically 
characterized. When some of these genes are not expressed, the 
result is generally a decrease in starch biosynthesis and a 
concomitant accumulation of sucrose to give a seed product 
commonly referred to as sveet corn and used as a human food 
product. Corn in which the levels of starch biosynthesis are 
normal is commonly referred to as field corn, and is often used 
for animal feed. 

Some of the genes involved in sveet corn production are Su 
(sugary-1), Sh-2 (shrunken-2) and Bt-2 (brittle-2). Sveet corn 
results from the presence of a homozygous recessive allele at the 
sugary-1 locus on chromosome 4, designated su. When su is 
present, there is a 3-5 fold increase in the percentage of sucrose 
(dry veight) relative to vild-type Su lines. The Sh-2 and Bt-2 
genes, both involved in starch production, encode subunits of the 
enzyme ADP-glucose pyrophosphorylase (ADP-GPP) 
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(a-D-glucose-l-phosphate adenyl transferase, EC 2.7. 7.27) . 

ADP-GPP catalyzes the reversible synthesis of ADP-glucose 
and pyrophosphate from ATP and glucose-l-phosphate. The 
equilibrium constant for this reaction is unity and the reaction 
is driven by pyrophosphate hydrolysis. ADP-glucose is the 
glucosyl donor for starch chain elongation catalysed by starch 
synthetase. ADP-GPP is made up of four subunits: tvo subunits of a 
60 kDa polypeptide encoded by the Sh-2 gene (hereinafter referred 
to as the Sh-2 protein), and tvo subunits of a 55 kDa polypeptide 
encoded by the Bt-2 gene (hereinafter referred to as the Bt-2 
protein). When either the Sh-2 or Bt-2 gene is present in the 
homozygous recessive condition (designated sh-2 or bt-2 
respectively), the 60 kDa or the 55 kDa subunits (respectively) 
are not properly synthesized, and little or no functional ADP-GPP 
is made. As a result, starch synthesis is impaired, sucrose 
accumulates to 2-4 times the levels of normal sveet corn, and the 
corn is "supersveet". 

While supersveet corn is becoming quite popular among 
consumers, the supersveet corn plants have many agronomic 
disadvantages. The dry veight of the kernel is reduced relative 
to Sh-2 lines due to the decrease in starch synthesis. Also, the 
accumulation of endosperm zein proteins in supersveet lines is 
only approximately half that of Sh-2 lines. As a result of these 
factors, dry-dovn and germination are adversely affected. While 
germination rates in field corn approach 100X, those of supersveet 
lines can be as lov as 10Z and tend to be approximately 50*. 

While dry field corn seeds are plump or round vith a small 
indentation at the crovn of the kernel (so-called dent corn), dry 
supersveet seed is shrunken and collapsed in its appearance, and 
is rather fragile. It has many angular faces and Mentations 
vhich may result in cracks in the pericarp through vhich 
aicroorganisms may enter. These cracks contribute to supersveet 
corn's predisposition to fungal diseases vhich adversely • affect 
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seedling vigor. All these factors impede widespread acceptance of 
supersveet corn by producers, despite the market acceptance. 

To satisfy both the market and the corn producers, it would 
be desirable to have supersveet corn which, when harvested for 
food at approximately 77% moisture content, typically about 19-21 
days after pollination, has high sugar and low starch for flavour 
but has mature kernels at approximately 30-35% moisture content, 
about 55 days after pollination, with a starchy field corn like 
endosperm for ease of seed processing, improved germination and 
disease resistance. No such supersveet corn is currently 
available. 

In the recent past it has been proposed to provide plants 
having an enhanced ability to produce starch by use of recombinant 
DM techniques. Thus European patent application EP 0 368 506 
(ICI) discloses a plant having enhanced ability to produce starch 
comprising a starch synthesizing plant having stably incorporated 
within its genome by transformation of one or more than one 
additional copy of a gene encoding ADP-glucose pyrophosphorylase. 
Similarly International patent application V0 91/19806 (Monsanto) 
concerns a method for increasing the starch content of a plant 
which comprises altering said plant to increase the ADP glucose 
pyrophosphorylase activity in said plant. Also European patent 
application EP 0 455 316 (IGFB) concerns plasmids which may be 
used to increase or decrease protein concentration or to both 
reduce starch concentration and increase saccharide concentration 
in plant cells, for instance by decreasing ADP-GPP activity. 
However, none of these proposals are directed towards the 
improvement of sweet corn seed quality. 



DETAILED DESCRIPTION OF THE INVENTION 

This invention provides corn with improved kernel 
characteristics such that when harvested for food it has 
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■•supersweef taste, but when harvested for seed, it has starchy 
kernels similar to those of field corn. 

In a first aspect this invention provides supersweet corn 
which has been genetically modified to express ADP-glucose 
pyrophophorylase activity at approximately 25-30 days post 
pollination. 

In this and other aspects the invention includes genetically 
nodified corn plants, and propagatable parts thereof including 
cells and tissue, and seeds, and progeny thereof including hybrid 

progeny thereof. 

In a first embodiment, this aspect of the invention includes 
supersveet corn which is homozygous recessive sh^ and contains 
within its genome a functional Sh-2 structural gene under the 
control of a heterologous promoter. 

in a second embodiment this aspect also includes supersweet 
corn which is homozygous recessive bt,2 and contains within its 
genome a functional Bt-2 structural gene under the control of a 

heterologous promoter. 

In a third embodiment this aspect also includes supersweet 
corn which is sh^ and/or bfcl homozygous recessive and contains 
within its genome a functional Sh-2 gene under the control of a 
heterologous promoter and a functional Bt-2 gene under the control 
of a heterologous promoter- 

The h.Mrologous pro.ot.rs us«d in th. abo». «.bodi...nt S of 
th. initio* .ay co.pris« devlop^ntally dalayd pro.ot.rs such 
that the Sh-2 g». and/or Bt-2 d=.s hot b.,th to o. .xpr«ss.d 
unril 20 t. 25 days post pollination. Such corn plants are 
phanotypioUly ch.ract«is«i by having sup«.»..t com fc.rn.ls « 
th. tIL at barest for food but hav. k.rn.1. «hlch r.s«bl. th. 
starchy tad. oi fi.ld corn »h« har„.«.d la«.r for ...d 
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production. 

Alternatively the heterologous promoters used in this aspect of 
the invention may comprise inducible promoters. Thus if the plant 
is grown for its seed crop, it is exposed to the inducer and 
starch synthesis takes place. If grown for a food crop, the plant 
is not exposed to the inducer, so very little, if any starch 
synthesis takes place and the kernels are supersweet. 

In a further aspect the invention also provides sweet corn 
which has been genetically modified by inclusion of anti-sense DNA 
the transcription of which is regulated or regulatable such that 
expression of ADP-glucose pyrophosphorylase activity is or can be 
inhibited until at least 25 to 30 days post pollination. 

Typically in this further aspect the sweet corn contains 
within its genome anti-sense Sh-2 DNA under the control of a 
heterologous promoter or/and anti-sense Bt-2 DNA under the control 
of a heterologous promoter. 

The heterologous promoters used may comprise inducible 
promoters, such that when the plant is exposed to the inducer 
anti-sense DNA is transcribed and blocks expression of ADP-GPP 
activity resulting in supersweet corn kernels. If no inducer is 
used with such inducible promoters, normal sweet corn results 
which may be harvested for food or seed as is customary for normal 
sweet corn. When an inducer is used the resulting supersweet corn 
is preferably harversted for food and is not grown on for seed 
harves t . 

Alternatively the promoters used in this further aspect may 
.comprise a promoter which is active in early endosperm 
development, i.e. a promoter which is active during the period up 
to 25 to 30 days post pollination. Such promoters include natural 
endosperm promoters which are active early in endosperm 
development. In addition to natural promoters, synthetic promoters 
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which function as early active endosperm promoters may be used. 
For instance, a natural or synthetic constitutive promoter element 
which has been manipulated to contain an early active endosperm 
promoter element and which is operatively linked to an element 
which confers endosperm activity may be used. 

In a yet further aspect the invention provides a DNA 
expression cassette comprising a protein coding DMA sequence and a 
promoter wherein the DNA sequence comprises DNA coding for a corn 
ADP-GPP subunit (e.g. Sh-2 or Bt-2) or a functional part thereof 
or a DNA sequence which hybridises therewith under stringent 
hybridisation conditions and which codes for a protein, having the 
activity of an ADP-GPP subunit i.e. a protein, having ADP-GPP 
subunit activity, and the promoter comprises a developmen tally 
delayed promoter or an inducible promoter. 

In a still further aspect the invention also provides a DNA 
transcription cassette comprising an anti-sense DNA sequence 
complementary to a DNA sequence which codes for a peptide having 
ADP-GPP subunit activity, and an inducible promoter or a promoter 
which is active in early endosperm development. 

In yet still further aspects the invention includes vectors 
containing the DNA expression or transcription cassettes, 
processes for transforming corn with the cassettes or vectors and 
corn plants and parts thereof (tissue and cells) transformed with 
the cassettes or vectors. 

The invention also includes cultivation processes in which 
genetically modified supersweet corn or sweet corn according to 
the invention in which inducible promoters are used, is cultivated 
and exposed to a corresponding inducer as required for food or 
seed harvest. 

Moreover the invention includes genomic clones of Sh-2 and 
Bt-2. In particular the invention includes the genomic clone of 
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Sh-2 contained in plasmid pZ01300 and the genomic clone of Bt-2 
contained in plasmid pZ01301, which were deposited at the American 
Type Culture Collection on 2 October 1991 under accession numbers 
75129 and 75130 respectively, and parts variants and analogues 
thereof. Most particularly the invention includes the Sh-2 genomic 
ONA sequence as set out in the Sequence listing as SEQ ID N0:1 and 
parts, variants and analogues thereof. Applicants hereby indicate 
that they elect the "expert solution" as regards availability of 
the above deposits during pendency of the EPC patent application 
designated herein, under the provisions of Rule 28 (4) EPC. 

For the purposes of the present description and claims the 
following terms have the following meanings: 

"Sweet corn" means Zea mays in which the genes at the 
sugary-1 locus are in the homozygous recessive condition. 

"Supersweet corn" means Zea mays in which the shrunken-2 
and/or brittle-2 genes are in the homozygous recessive condition. 

"Heterologous promoter" means a promoter which does not 
naturally control expression of its associated structural gene, 
although the promoter may be of Zea mays origin. 

"Sh-2", with a capital S, refers to the wild- type shrunken-2 

gene. 

' "sh-2", with a small s, refers to a recessive shrunken-2 
gene. When both copies of the shrunken-2 gene are recessive 
(sh-2), the result is supersweet corn. 

"Bt-2", vith a capital B, refers to the wild-type brittle-2 

gene. 

"bt-2", vith a small b, refers to the recessive brittle-2 
gene. When both copies of the brittle-2 gene are recessive 
(bt-2), the result is supersweet corn. 

"Dpp" means days post pollination. 

The time of "harvest for food" is generally that time when 
kernel moisture content is approximately 77X. Under typical 
environmental growing conditions, this is generally 19-21 dpp. 

The time of "harvest for seed crop" is generally that time 
when the kernel moisture content is approximately 30-35X. Under 
optimal environmental growing conditions, this is approxmately 55 
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dPP " "Stringent hybridisation conditions" as used throughout the 
specification and claims are those in vhich hybridisation is 
effected in a standard manner at 65'C in 4X Offered saline 
(a k a. SSPE buffer) folloved by merely vashing at 57«C m 0.2X 
SSPE, vhich will not affect true duplexes vhich have formed. 

DESCRIPTION OF THE FIGURES 

Figure 1 shows the Northern blot for Sh-2 »RNA in tvo corn 
lines, a regular sveet corn hybrid "201 X 202" (su Sh 2) and a 
supersveet inbred "101" (Su sh-2). The probe used is [32P]-Sh-2 
7Z Lanes 1-5 are "201 I 202" and lane 6 is "101". Lane 1 
shovs 2.5 ug endosperm bound polysomal RNA at 25 dpp; Lane 2 shovs 
2 5 ug free polysomal RNA at 25 dpp; Lane 3 shovs 10 ug total 
endosperm RNA at 25 dpp; Lane 4 is 10 ug leaf total RNA; Lane 5 xs 
10 ug root RNA; Lane 6 is 10 ug total endosperm RNA 21 dpp. 

Figure 2 is the same blot as in Figure 1 after it is 
stripped a,d subsequently probed with [32P] -labelled Bt-2 cDNA. 

Figure 3 is a graph shoving the developmental profile of 
both polysomal and total Bt-2 RNA. 

Figure 4 is a graph shoving the developmental profile of 
both polysomal and total Sh-2 RNA. 

Figure 5 is a composite restriction map of the Sh-2 genomic 

clone. 

Figure 6 is a restriction map of the Bt-2 genomic clone. 

Figure 7 is a graph of AOP glucose pyrophosphorylase 
activity of anti-sense transforms . 17.5 ug of total soluble 
Cellular protein was added to each assay. The assay as coupled to 
NAPDH reduction and absorbance at 340 n» is measured. 
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The r various aspects of the invention identified above are 
nov described in greater detail. 

Developmentally Delayed Promoters 

It was unclear how presence of sh-2 brings about lack of 
ADP-GPP activity in various supersveet corn lines. Thus as a 
first step the biochemical manifestation of sh-2 vas investigated. 
Polysomes from the endosperm of two corn lines (one normal sveet, 
one supersveet) were isolated at various days post pollination, 
and Northern blots vere performed using either radiolabelled Sh-2 
cDNA or Bt-2 cDNA. The results are shown in Figures 1 and 2. The 
supersveet line, designated 101 shoved no Sh-2 mRNA present while 
the comparison line, a normal sveet corn hybrid (su Sh-2) 
designated (201 X 202) does express Sh-2 mRNA. Vhen the same 
polysomes vere re-tested using the Bt-2 probe, both lines vere 
shown to express Bt-2 mRNA, although in (201 X 202) the amount of 
Bt-2 mRNA expressed is lover than the amount of Sh-2 mRNA. 

One approach to modifying supersveet corn so that it retains 
a high sucrose concentration vhen harvested for food, but whose 
seed crop is starchy is to transfer either the Sh-2 structural 
gene into a homozygous sh-2 plant and/or a Bt-2 structural gene 
into a homozygous bt-2 plant under the control of a promoter vhich 
does not engender transcription until after harvest of the food 
crop. These promoters, collectively referred to as 
"developmentally delayed" promoters, normally control synthesis of 
mRNAs that appear late in the development of endosperm. Such 
promoters may be detected in an assay utilizing identifiable 
markers (such as GUS) operably linked to the putative promoter and 
assayed in endosperm tissue. Preferably the developmentally 
delayed promoter does not become active in endosperm tissue until 
after about 20 days post pollination (dpp). The optimum promoter 
for a given heterologous gene may depend on characteristics of the 
given gene, but should be chosen so that maximum expression and/or 
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g ene product accumulation occurs at 25-30 dpp. Develops tally 
delayed promoters .ay be obtained using the procedures descrxbed 

herein. , 
la order to determine vhether the expression of the Bt-2 and 
Sh-2 proteins in endosperm is due to, at least in part, a 
translational control mechanism, the appearance of Sh-2 and Bt-2 
proteins relative to the appearance of their respective mRNAs was 
investigated. This information indicates when it is desxrable for 
the developmental* delayed promoter to be active. It is assumed 
that the loading of mRNA onto polysomes is evidence that 
translation into protein is occurring. Total cellular and 
polysomal mRNA populations were isolated throughout en osperm 
development. Northern blots using radiolabeled Bt-2 an Sh-2 
cDNAs probes vere performed, and the results are given xn Fxgures 
3 and 4* 

For Bt-2, the polysomal and total mRNA curves are virtually 
the same. Hovever, the results for Sh-2, as shown in Figure 4 are 
somewhat different, nth Sh-2, there is a pea, in both total an 
polysomal RNA populations at 25 dpp. However, there xs a lag n 
loading of the accumulating Sh-2 mRNA onto polysomes. Thxs 
affects the choice of a developmental* delayed promoter; xn order 
have maximum Sh-2 expression at 25-30 dpp, the ^elopmentally 
delayed promoter should preferably be most active at 
For Bt-2, where no lag in polysome loading " 
referable to choose a developmental* delayed P-«: ^ 
Linnm activity at 25-30 dpp for maximum expressxon of the Bt-2 
protein at 25-30 dpp. 

The actual Sh-2 and Bt-2 protein accumulations are also 
»easured as a confirmation of the above finding. Anti-sera are 
Te o both Sh-2 and Bt-2 proteins. Protein is isolated *o» 

- at different times post-pollination and is 

m r. ». ««« - probed *. W««> "™ 

2 an .nUbody »and.i=h W U ~< » *« *" 
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binding is quantified, and is found to confirm the above findings. 

It is also understood that for enzymes such as ADP-GPP which 
are heteromultimeric f that the genetic elimination of one of the 
subunits (such as the Sh-2 protein) may adversely affect the 
stability of the other subunit(s) (such as the Bt-2 protein). 
Thus, depending on the nature of the particular sh-2 line, it may 
be necessary to provide both the Sh-2 and the Bt-2 proteins in 
order for the starchy phenotype to be expressed. Thus this 
invention also includes plants transformed with both the Sh-2 and 
Bt-2 genes, said genes each under the control of a heterologous 
promoter, and preferably each under the control of a different 
heterologous promoter. 

In order to isolate developmentally delayed promoters, a 
modified subtractive technique strategy may also be used. In the 
modified subtractive technique (Timblin et al., 1990. Nucl. Acids 
Res. 18(6): 1587-1593), double stranded cDNA from a particular 
time point is made blunt-ended and linkers are added. The linkers 
serve as a PCR oligomer binding site. The cDNA is then amplified 
prior to cloning and can be used as a probe as veil. This 
technique allows identification of clones which have either 
qualitative or quantitative differences between two different mRNA 
populations. Two developmentally delayed promoters are isolated, 
one which directs transcription beginning at approximately 20 dpp, 
hereinafter referred to as Promoter 20, and one which initiates 
transcription at approximately 25 dpp, hereinafter referred to 
as Promoter 25. 

Genomic clones of Sh-2 and Bt-2 are made using a genomic 
library of maize inbred line V22 and Lambda EMBL3. (V22 is a 
publicly available line which can be obtained from Maize 
Cooperative, Stock Center, Univ. Missouri, Columbia, Missouri). 
The genomic clones are screened using cDNA of Sh-2 or Bt-2. Two 
clones are isolated for Sh-2, shown in Figure 5. A single clone 
is isolated for Bt-2, and this appears in Figure 6. The genomic 
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clones for Bt-2 and for Sh-2 comprise another aspect of this 

invention* 

Sequencing *e Sh-2 geno-ic =l»n«s .as difficult, as 
standard sub-cloning t.chni,u.s did not r..dily produc. th. 
desired subclones. Surprisingly it »>s found that the Sh-2 gen. 
contains a soouane. »hioh int«f.r.s .ith plasoid repli Lcation. 
On. techniou. .hich successfully producd dor-,, alb.it at a lo. 
level (approxi.at.lir IX of th. «p.ct.d l.v.1) — a thr..-».y 
Ugati » On. aliouot of ..ctor carrying Sh-2 se,«.nc.s .as cut 
ts anpiciUin r,sistanc. <a.pr, ,.n. .ith Serf an » - 
polyline .ith Barfl. * -cond aliouot .as cut .ith Seal and 
sail. Frar.«nts ».r. isolate on g.la, and a thr«-».y lit** 
L p.rfor..d .ith th. Sh-2 frag».nt having tttB/felX - 
t he v,ctor frag-ents such that th. Hpr U r.cr..t.d u » 

prop.r r.-lig.ti.». Only bacterial don., harbouring sh-2 D»A 
Lch nave correctly r.-f.r».d .«. abl. to gro. on a.piC.!Un 
containing media. 

The result of the sequencing of the Sh-2 gene is given in 
TABLE 1 (SEQ- ID. MO. 1). This sequence, containing introns, i. 
"Tuded within the scope of this invention, as are DNA sequences 
1 ch code for functional Sh-2 protein and which hybrxdxse to he 
c LLtary strand of the sequence given in Table ^ un « 
stringent hybridisation conditions. Expressxon cas ettes 
stringent / nnarah \ v linked to a heterologous 

comprising these sequences, operably linKea 

promoter are also included in the invention. 
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For example, the following constructs may be assembled: 
Promoter 20-Sh-2 and Promoter 25-Bt-2. These constructs and other 
constructs which include other preferred developmentally delayed 
promoters operably linked to either the Sh-2 or the Bt-2 
structural gene are specific embodiments of this invention. 



Inducible Promoters 

An alternative approach, also included vithin this 
invention, is to place the Sh-2 and/or Bt-2 genes under the 
control of a promoter which is not developmentally regulated, but 
is inducible chemically. A preferred class of inducible promoters 
are steroid responsive promoters. Gene expression activation by 
steroids such as ecdysteroid-like molecules occurs via ligand 
binding to protein receptors which are members of the steroid 
receptor superfamily. The steroid ligand binds to its cognate 
receptor altering receptor conformation, and the resultant binary 
complex recognises and binds to a steroid response element (SHE) 
present in the promoter to modulate transcription. For examples 
of such receptors, see Power et al. 1992. "New Insights into 
Activation of the Steroid Hormone Receptor Superfamily' 1 TiPS 
13:318-323; Schena, M. et al, 1991 "A Steroid-inducible Gene 
Expression System For Plant Cells" Proc. Natl. Acad. Sci. 
88:10421-10425; and Fuller, P. 1991. "The Steroid Receptor 
Superfamily: Mechanisms of Diversity" FASEB Journal 5: 3092-3099, 
each of which is hereby incorporated by reference. 

Thus, in this embodiment of the invention, the plant cell is 
transformed with genes encoding both the receptor and the the 
desired gene operably linked with a steroid responsive promoter, 
i.e. a natural or constructed promoter comprising an SRE. Such 
promoters include those which are responsive to the estrogen/ 
estrogen receptor, progesterone/ progesterone receptor, vitamin D/ 
vitamin D receptor and dexamethasone/ glucocortocoid receptor 
complexes. Preferred promoter are those which are responsive to 
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th . vertebrate molting hormone, 20-h»droxy.cdyson. <20-0HE, / 
^captor complex, vhich can b. induced by the .gon 1S t compound 
! 2 -dib.n 2 oyl,l-tert-b»tyl hydrarin.. (See, .... « 1- 

1990 , -Ecdyst.roid Agonists as Sovel Insect Growth Regulators >n 
elides and Alternati.es, Casida, U. H— 

ishers, p. 251-257). Thus in a preferred embodiment, t . c n 

pro.ot.r Sh-2 and/or Bt-2 construct and 2, a receptor fo he 
nducer. Shortly before or after pollination th. transform. «. 
s exposed to th. chemical inducer. Transcription of he Sh-2 

end/or Bt-2 !» trans for»ed vith both the 

control of an inducible propter, pr.f.r.bly • P»» of 

ecdysteroid system. 

in th.past it had been reported that improperly folded 
ecdysteroid binding profin (Ec») »« Producd «- the -as 
transited into a number of different cell types. Thus, t .s an 
Zcted finding in accordance -* this Mention * - 

J cells are s «n.tically «gin..r«i to express th. SclB gm, 
foiling of th. EcKB g«. product occurs correctly, and such that 
th. SHE is r.cognls.d and transcription is induced. 

„. have also oh..rv.d that th. .cdysteroid binding protein 
ls capable of inducing transcription in th. absenc. of the cognate 
Uganl. Th. existence of phytoecdysfroids is documen ed > o. « 

t_ i-hav vere unknown in maize. It was 

however heretofore they were uu** 

nee »«y, therefore to confirm that signified levels of these 
Iter Z »lr. not preset in corn since, if present they could 
e "arc/ production during early endosperm d.„. opment 
Ich is co.pl.tely contrary to sup.rs.-t ; » 

— f vrit.\rr r ^ - — - * 

Examples endosperm culture. 

BMS suspension tissue culture oc 
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To confirm whether such an inducible system would be 
operable in the corn, i.e. whether an ecdysone mimic would be 
taken up systemically by a growing corn plant and transported to 
the endosperm, the compound 322-843 (an ecdysone mimic available 
from Rohm and Haas as RH-5849) was radiolabeled with 14 C for use 
as an internal standard for unlabelled 322-843. A residue method 
for detection and quantification of 322-843 was developed. A 200 
mg soil drench treatment 1 or 7 days post-pollination resulted in 
a level of 322-843 within the endosperm which is sufficient to 
activate the ecdysteroid receptor. This observation was confirmed 
by showing that a purified extract from endosperm of treated corn 
triggered an ecdysteroid response in genetically engineered 20-0H 
ecdysone responsive Drosophila cells. 

Plants which are transformed with an inducible promoter do 
not exhibit substantial ADP-GPP activity until presented with the 
inducer, after which starch synthesis and starch accumulation 
occurs. The progeny of these plants (either inbred or the result 
of a cross with a non-related, transformed or non- transformed 
plant) inducibly express the starchy phenotype. All of these 
progeny plants are included within the invention. 



Antisense Constructs 



In yet another aspect of this invention, an anti-sense 
transcription construct can be used to regulate starch synthesis. 
The Sh-2 gene or the Sh-2 cDNA in its anti-sense configuration is 
placed under the control of an inducible promoter, such as those 
described above or an endosperm promoter active early in endosperm 
development. Alternatively, a synthetic promoter can be made 
which contains an early active endosperm promoter element 
operatively linked to an element which confers endosperm activity. 
Examples of promoters which contain early active endosperm 
elements include 1) various zein promoters, such as the promoter 
for gamma, beta or alpha zein; 2) a 198 base pair portion of the 
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lev molecular veight glutenin (LMWG) promoter (as in Colot et al, 
19 87 EMBO J- 6(12) : 355-359, vhich is hereby incorporated by 
Terence); and 3) a 227 base pair portion of the high mo ecu Ur 
veight wheat glutenin (HHtfG) propter (as in Thomas and Flave 1 
The Plant Cell 2:1171, vhich is hereby incorporated by reference). 

The aforementioned elements may be operatively linked to a 
normally constitutive promoter element such as the minimal 35S 
promoter (i.e. comprising the -46 base pair upstream regxon) or 
Le minimal HSP82 promoter, such as described in co-pending 
application serial number 07/791,921 which is incorporated by 
reference. 

A normal sweet com plant <su Sh-2) is transformed with on. 
of the aforementioned onsets. shen exposed to the inducer, 
anti-sense Sh-2 mBNA is transcribed which hybridises »ith the wild 
™ Sh-2 thereby bloddng synthesis o£ the Sh-2 protein. 

k ^nrh..is is impaired and sucrose 
Consequently, starch synthesis is imp 

accumulates. « can b. seen by on. or ordinary skill in the art, 
this anti-sense approach can also be used with the Bt-2 gene. 

Typically the promoter constructs used for the expression 
end transcription constructs, whether they are «— "-"J* 
regulated or inducible, else contain other DNn sequences, such as 
JLers and 3- termination sequences. Such s.,uen=es are well 
in ,h. art. The cloned construct is then inserted int. a 
plasmid or other vector suitable for transformation. 

Haiz, type II friable callus, suitable for transformation 
and regeneration is cultured using known techniques (Gre^n, L.I. 
et al. 1975. "Plant generation Fro. Tissue Culture, of Mei«. 

op cLce iy.^n and vasil, V. .. a! m.. •»-*» 
Embryogenesis in Long-term Callus Culture, of U* SS2 L. 
(G Iine.e>" Amer. i. B.t. 71.UM1. both of which „ 
incorporate herein by reference). Cell, are «- *— J£ 
the ballistic technique, detailed below in the Native 
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transformants are regenerated into intact plants. The plants 
which have been transformed with a developraentally delayed 
promoter construct are grovn to maturity and are seen to bear 
supersveet corn vhich later (approximately 25-30 dpp) becomes 
starchy. The progeny of these plants (either inbred or the result 
of a cross with a non-related, transformed or non-transformed 
plant) also bear supersveet corn vhich ages into starchy corn. 
All of these progeny plants are included vithin the invention. 

The following deposits vere. made at the American Type 
Culture Collection (ATCC), 12301 Parklavn Drive, Rockville, MD 
20852 on October 22, 1991 in accordance vith the provisions of the 
Budapest Treaty: pZ01301, containing the Bt-2 genomic clone vhich 
received ATCC number 75130; and pZ01300, containing the Sh-2 
genomic clone which received ATCC number 75129. 

The folloving, non-limiting Examples are presented to better 
illustrate the invention. 
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DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

EXAMPLE 1 
POLISOMAL RNA ISOLATION 



Polysomes are isolated according to the methods of Larkins 
et al 1976 "Isolation and in Vitro Translation of Zein Messenger 
Ribonucleic Acid" Biochem 75 (25): ' 5586, Larkins et al. 1976. 
"Storage Protein Synthesis in Maize" Plant Physiol 57:740-745, and 
Larkins et al. 1978. "Synthesis and Deposition of Zein in Protein 
Bodies of Maize Endosperm" Plant Physiol. 62:256-263, which are 
hereby incorporated by reference. Isolated polysomes are 
resuspended in IX v/v triisopropylnaphthalene-sulfomc acid, Na 
salt; 6% v/v p-amino-salicylic acid; 0.1 M TRIS-HC1, pH 7.6; 50 mM 
EGTA- 0.1 M NaCl; 1% v/v SDS; and 50 mM 2-mer cap Methanol 
(Rochester et al. 1986. EMB0 J. 5:451-458). An equal volume of 
phenol/chloroform/isoamyl alcohol (25/24/1) is added. After 
centrifugation, the supernatant fluid is removed to a nev tube and 
re-extracted. The aqueous phase is centrifuged at 50,000 rpm in a 
Beckman SW55T1 rotor for 30 minutes at 4'C. The supernatant xs 
then ethanol precipitated by the addition of 0.1 volume 3M 
NaOAc and 2.5 volumes of ethanol. The pellet is resuspended in 
750 ul for every 20 g endosperm originally ground. To this, 300 
U l of 10M LiCl are added and H20 to a final volume of 1.5 ml. 
After 1 hour at 4'C, RNA is pelleted at 14,000 X g for 30 
minutes. The pellet is resuspended in 400 ul H 2 0 and centrifuged 
in a microfuge to remove" any insoluble material. The supernatant 
is removed and 100 ul LiCl is added. This is incubated and RNA is 
collected as above. 

EXAMPLE 2 

ISOLATION AND CHARACTERIZATION OF GENOMIC 
CLONES FOR Bt-2 AND Sh-2 

cDNA clones for Sh-2 and Bt-2 are isolated as reported by 
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Bhave et al., 1990, "Identification and Molecular Characterization 
of Shrunken-2 cDNA Clones of Maize" The Plant Cell 2:581-588, and 
Bae et al., 1990, Maydica 35:317-322, both of which are 
incorporated by reference. A genomic library from public maize 
line V22 is made in Lambda EMBL3 according to standard procedures 
as described in Ausubel et al. 1987. Current Protocols in Biology, 
Wiley Interscience. Approximately 5 X 10 6 clones are transferred 
to nitrocellulose and are screened using the radiolabeled cDNAs 
as probes, in 5X SSC, 0.1% SDS, IX Denhardt's solution, 50% 
formamide and 42°C for hybridization. Filters are washed four 
times for 30 minutes at 65°C in 0.1X SSC and 0.12 SDS. 

Genomic clones isolated in this way are mapped first using 
Lambda Map (Promega). The rough map generated is then refined 
using conventional mapping techniques of probing Southern blots of 
various restriction digests of the clones. Maps thus generated 
are shown in Figures 5-6. Subcloning of the genomic clones is 
done with pT7T3 vectors (Pharmacia). Nested deletions are 
performed with a commercial kit according to the directions of the 
manufacturer (Pharmacia). Sequencing is done by the dideoxy chain 
termination method using T7 polymerase (Pharmacia). Sequences of 
the Sh-2 genomic clone is given in TABLE 1 (SEQ.ID N0:1). 

EXAMPLE 3 

GENERATION OF ANTI-SERA TO Bt-2 AND Sh-2 POLYPEPTIDES 

Portions of the cDNAs corresponding to Bt-2 and Sh-2 are 
cloned into the E. coli expression vector pGEX 2T (Pharmacia). 
This produces glutathione-S-transf erase (GST) fusions that have a 
thrombin protease recognition site interposed between the GST 
moiety and the maize protein. Fusion proteins are produced by 
induction of the pGEX 2T ptac promoter by the addition of IPTG. 
Fusion proteins are affinity purified on a glutathione-sepharose 
column according to the directions of the manufacturer* Purified 
fusion proteins are cleaved by thrombin, repassed over the 
glutathione-sepharose column and the void volume is collected. 
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Rabbits are immunized with 650-850 ug of either of the purified 
proteins incomplete Freund's adjuvant and boosted every other 
veek with 250 ug of protein in incomplete Freund's adjuvant. 
Anti-Bt-2 and Anti-Sh-2 sera is obtained. 

EXAMPLE 4 

PROMOTER. IDENTIFICATION, ISOLATION AND TESTING 
OF DEVELOPMENTALLY DELATED PROMOTERS 

Modified subtractive cDNA libraries are made using the 
procedure of Timblin et .1.(1990 Nucl. Acids Res. 18(6) , 1587-1593) 
which is hereby incorporated by reference. mRNA populations are 
isolated 15, 25, and 35 dpp. Double stranded cDNAs from these 
populations are made blunt and linkers are added. The linkers are 
chosen so as to serve as a Polymerase Chain Reaction (PGR) 
oligomer binding site. The resulting cDNAs are amplified 
according to the manufacturer's recommended instructions and are 
also used as probes. Clones are identified which show differences 
(either quantitative or qualitative) in the mRNA populations. 
These represent potential developmental^ delayed promoters. The 
copy numbers of these clones are determined using standard 
protocols, and those with a low copy number «5 copies per genome) 
are selected. These are used for in situ hybridization to maize 
endosperm sections to determine which are active in appropriate 
cell layers. 

Using the selected cDNA clones which have both low copy 
nuaber and correct spatial expression, genes are isolated from a 
aaize genomic library. Promoter regions are isolated using 
conventional techniques. Putative promoters are tested by 
constructing b-glucuronidase (CDS) fusions, delivering the hybrid 
construct to longitudinal endosperm sections via the ballistic 
particle delivery process and visually determining their activity 
by GUS staining (Jefferson, R.A. 1988. in Genetic Engineering, 
Principles and Methods, Vol. 10:247-263 J,K. Setlow, Ed.) 
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The promoters resulting from this isolation and evaluation 
are designated Promoter 20, vhich maximizes mRNA synthesis at 
approximately 20 dpp and Promoter 30 vhich maximizes mRNA 
synthesis at approximately 30 dpp. These are used to make 
transformation vectors, discussed in Example 7, belov. 

EXAMPLE 5 

IDENTIFICATION OF DEVELOP MENTALLY DELAYED PROMOTERS 
USING POLYSOMAL RNA 

The procedure of Example A is repeated, using polysomal RNA. 
The same developmentally delayed promoters are identified. 

EXAMPLE 6 

CONSTRUCTION OF VECTORS FOR CALLUS TRANSFORMATION 

The following transformation vectors are constructed. 
Promoter 20, from Example 5 is linked to the Sh-2 gene, along with 
the Sh-2 gene endogenous terminator. This construct is referred 
to as .the agronomic cassette-20. A similar cassette is 
constructed using Promoter 30 linked to the Bt-2 gene and 
terminator, referred to as agronomic cassette-30. 

The vectors used for maize callus transformation are pUC19 
derivatives a bacterial selectable marker (g-lactamase, i.e. 
ampicillin/carbenicillin resistance) and a maize selectable 
marker- The maize selectable marker has the cauliflower mosaic 
virus 35S promoter, a portion of intervening sequence II from 
maize alcohol dehydrogenase, and a selectable gene: neomycin 
phosphotransferase II (i.e. kanamycin resistance) or 
phosphinothricin acetyltransf erase (i.e. resistance to the 
herbicides Basta and Bialophos) or acetolactate synthase (i.e. 
resistance to the herbicide chlorsulfuron) . The selectable gene 
sequence is followed by the nopalene synthase terminator. 



The agronomic cassette-20 is inserted using standard 
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technics into the above vector to create pSh-2. ^ 
agronomic cassette-30 is inserted into the vector to create pBt-2. 
E coli are transformed with either plasmid using standard 
techniques (Ausabel et al., supra). 

EXAMPLE 7 

INITIATION AND MAINTENANCE OF TYPE II 
FRIABLE MAIZE CALLUS 

1.5 mm embryos (10-13 d PP ) from 29 sh-2 lines are explanted 
and placed on initiation medium (either Murashige-Skoog with 1.5 
m/1 Dicamba or N6 vith 1 mg/1 2.4-0). Callus is transferred to 
and na intained on N6 containing 6 mM asparagine, 12 mM proUne and 
1 Bg/12t «-D. Friable callus is selected and is used xn the 
transformation procedure, belov. 

EXAMPLE 8 

GENERATION OF TRANSGENIC PLANTS AND 
TESTING THE DELAYED EXPRESSION OF Sh-2 or Bt-2 

Plasmid pSh-2 is introduced into Type II maize callus of a 
sh-2 supersveet corn line using a ballistic process. Plants are 
generated following known procedures and are ^U^. 
IS-GPP activity is determined prior to 20 dpp and after 30 dpp t 
Ascertain the induction of Sh-2 transcription and its subsequent 
translation. Plants are then evaluated for agronomic performance, 
and those with the desired phenotype are identified. 

Plasoid pBt-2 is introduced into Type II maize callus of a 
bt -2 line using a ballistic process. Plants « — 
following known procedures and are self-pollinated. ADP-GPP 
ac ivity is determined prior to 20 dpp and after 30 pp to 
a ertaln the induction of Bt-2 transcription and trans lauo. 
Plants are then evaluated for agronomic performance, and those 
with the desired phenotype are selected. 
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EXAMPLE 9 
INDUCIBLE PROMOTER CONSTRUCTS 



Vectors for callus transformation are constructed similarly 
to those described in Example 6, except for the agronomic 
cassettes. Here, the agronomic cassette contains the promoter 
which is inducible by the 20-hydroxyecdysone binding protein 
binary complex operably linked to either the Sh-2 gene or Bt-2 
gene and their respective endogenous terminators. The plasmid 
containing the inducible Sh-2 construct is designated pISh-2. The 
plasmid containing the inducible Bt-2 construct is designated 
pIBt-2. 

Maize calli are co-transformed with either pISh-2 and 
pRecept or pIBt-2 and pRecept. pRecept is a compatible plasmid 
which codes for expression of the 20-hydroxyecdysone receptor. 
Transformants carrying both heterologous gene constructs are 
selected and regenerated into plants which inducibly express 
either Sh-2 or Bt-2. 

Additional constructs are as follows (5' to 3')- 

Construct 1110 contains the 35S promoter, the maize IVS6 
intron, EcRB gene construct and the Nos terminator. 

Construct 1112 comprises the Steroid Response Element (SRE) 
linked to the -46 35S promoter fragment (base pairs -46 to +1), 
the maize IVS6 intron, GUS gene and the NOS terminator. 

Construct 1113 comprises the SRE (as above) linked to a 
maize promoter, the IVS6 intron, the gene and the NOS terminator. 



Black Mexican Sweet (BMS) suspension cells are transformed 
with the above constructs using the ballistic technique, incubated 
overnight, and then are overlaid with X-gluc staining solution 
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which may contain 1 wM of the phytoecdysteroid Ponasterone A 
(PNA), as indicated belov. Three plates are transformed for each 

construct. Results are presented belov. 

pna # Blue Stains 

Construct ™a * 

1112 + 2. A, 2 

1110 ♦ U12 ♦ 600 ' 1300 

in the folloving experiment, cells are transformed as above, 
then scraped off the filter paper and incubated overnight in an MS 
solution in the presence or absence of 1 uM PNA. The next morning, 
cells are x-gluc stained. Results are presented belov. 



Construct 

1110 

1110 

1112 

1112 

1110 + 1112 
1110 + 1112 



PNA 



# Blue Stains 
0, 0, 0 
0, 0, 0 
45, 16, 27 
35, 32, 45 
490, 833, 755 
456, 490, 441 



In this- experiment, cells are transformed and then are 
overlaid vith MS medium in the presence or absence ct^ 1«H PNA 
overnight. The next morning, 
Results are presented belov. 



they are stained vith X-gluc. 



Construct • 

1110 

1110 

1113 

1113 

1110 + 1113 
1110 + 1113 



PNA 



# Blue Stains 
8, 8, 5 

4, 4, 9 
6, 2, 3 

5, 3, 2 
261, 26, 75 
256, 210, 468 



EXAMPLE 10 
Isolation of Ecdysteroids From Maize 

A residue method is used vhich is a modification of that of 
Horn and Bergamasco (1985, Comprehensive !nsect Physiol. Biochem. 
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Pharmacol. Kerkut and Gilbert, Eds. (7): 212) which is hereby 
incorporated by reference. 3-5 g aliquots of Black Mexican Sveet 
(BMS) maize cells from suspension or frozen endosperm tissue from 
a sveet corn line, vere processed in a Polytron homogeniser with 
200 ml 96% ethanol. The extract is dried in a vacuum and the 
residue is partitioned between hexane and 75% ethanol (10 ml each 
phase). The ethanol phase is then concentrated in a vacuum and 
partitioned between methylene chloride: ethanol: water (2 ml each 
phase), and the methylene chloride phase is then concentrated to 
dryness. This is dissolved in ethyl acetate: ethanol (2:1) as a 
5% solution and filtered through neutral alumina (10X H 2 0, 2 g) 
and is eluted with further solvent (25 ml). The total eluate is 
evaporated to dryness. The crude ecdysteroids are then dissolved 
in methylene chloride: ethanol (2:1 to make a 5% solution w/v) and 
an aliquot is transferred to a TLC plate for purification. 

The fractions are tested for ecdysone agonist activity by 
incubation with a genetically engineered Drosophila cell line 
which is ecdysone responsive. No ecdysone activity is observed in 
either the sveet corn endosperm or BMS cell extracts, with a limit 
of detection <20 ng 20-0H-ecdysone equivalents/g. Hexane 
(lipophilic) and aqueous/ethanol (polar) fractions are also 
investigated for ecdysone agonist activity since transfection 
assays with the insect ecdysone receptor/hormone response element 
genes incorporated into BMS cells have indicated an endogenous 
supply of ecdysone agonist positive substance. The lipophilic and 
polar fractions are assayed in the ecdysone responsive cell line. 
No activity is observed, but some toxicity is noted in the 
concentrated polar samples. However, it can be calculated that 
the level of 20-0H-ecdysone equivalents is <200 ng/g endosperm or 
<100 ng/g BMS cells, and may be much less. 

EXAMPLE 11 
SOIL DRENCH AND FOLIAR SPRAY 
A. Soil Drench Test 

Three dosages of 322-843 are prepared: 0, 20 mg and 200 mg 
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active ingredient per plant. For the 0 mg dose, 100 ml 
diaethylsulfoxide (DMSO) is added to 20 liters of vater in a clean 
container and is mixed thoroughly. Four liters are applied to 
each plant a 1, 7, or 14 days post pollination. Each plant is in 
a 5 gallon container fitted vith a base to catch leachate so that 
the leachate can be reabsorbed into the soil. For the 20 mg dose, 
the same procedures are followed except that 0.1 g 322-843 is 
dissolved in the 100 ml DMSO. For the 200 »g dose, 1.0 g of 
322-843 is dissolved in the DMSO. Regardless of the dose, all 
solutions are prepared just prior to use. Ears are harvested 16 
days post-pollination and are frozen in liquid nitrogen. 

B. Foliar Spray 

Three dosages of 322-843 (0, 20, and 200 «g active 
ingredient per plant) are prepared as belov just prior to 
application at 1, 7, or 14 days post pollination. Ears are 
harvested at 16 days post-pollination and are frozen in Ujnd 
nitrogen. For 0 mg, 2.5 g Valent X-77 is disso ved in 50 ^1 
acetone to make a 0.5* solution. 100 ml of this solution is mixed 
vith 100 ml vater. 40 ml of the solution are sprayed per plant. 
For 20 mg, 0.1 g 322-843 is dissolved in 100 ml of the 0.5* Valent 
X -77/aceto„e solution and then mixed vith 100ml vater 40 ml are 
sprayed per plant. For. 200 »g, 1.0 g 322-843 is dissolved in 100 
,1 of the 0.5X Valent X-77/acetone solution and mixed vith 100 ml 
vater. 40 ml are sprayed per plant. 

Endosperm from plants treated by the soil drench or foliar 
spray is analyzed as follovs. For a standard, 10 yl of a CB,OI 
solution of [14CJ322-843 containing approximately 25,000 dpm 
(approximately 30 ng) is dispensed into 25 ml methanol in a 50 ml 
eler. 3 g of heat-treated celite and 5 g of thawed endosperm 
are added, and then chilled over ice. (The blank does not contain 
^ corn tissue). The corn tissue is homogenized, and the 
Zogenate is filtered under a vacuum. The » 
returned to the original flask and 25 ml dichloromethane is added, 
and the procedure is repeated. 
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The solvent is then removed under a vacuum and mild heat, 
leaving an oily residue. The residue is dissolved in 1-2 ml 
dichlororae thane and vater. The solvent layer is removed, and the 
contents are extracted vith 2 x 100 yl of acetonitrile and then 
dried. The acetonitrile extract is re-dissolved in 50 ul 
dichlorome thane and vortexed. A sample is added to a silica GF 
TLC plate (1000 ul thick layer) which is predeveloped vith 
methanol and air dried for 24 hours. The solvent is evaporated 
from the plate and plates are developed in 3% methanol/97X 
dichlorome thane. Plates are air-dried and scanned vith a 
radioactivity monitor. The radioactive zone is transferred to a 
fritted funnel and the 322-843 is eluted vith acetonitrile under a 
slight vacuum. The sample is redissolved in acetonitrile for 
quantification of recovery and subsequent HPLC analysis. 
Alternatively, it is redissolved in 50 ul DMS0 for screening in 
the Drosophila ecdysone agonist insect cell line assay or HPLC 
analysis. 

HPLC analysis is performed using a 25 x 0.46 cm Spheri-5 
RP-8 column and a linear gradient system: initially 402 
acetonitrile in 0.01 TFA and, after 20 minutes 90X acetonitrile in 
0.0U TFA, vith a 5 min hold at 902 acetonitrile and a 5 rain 
return to starting conditions. The flov rate of solvent is 1.5 
ml/min. RT for 322-843 is approximately 7.6 min. The 322-843 
zone is collected for liquid scintillation counting and the UV 
peak area (255 nm) is integrated. After correcting for 1002 
recovery of the radiolabeled internal standard, total mass of 
322-843 is calculated. Additional HPLC using a normal phase system 
vas also utilised in further analysis of the samples. 

Results are presented belov. OP is open pollination; SP is 
self pollination. 

Treatment 

1 day, soil, control 



Ug 322-843 Mass of corn 

per gm corn endosperm (g) 

0 1.5 
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1 day, soil, 200 mg 
1 day, soil, 200 mg 
1 day, soil, 20 mg 
1 day, soil, 20 mg 

1 day, foliar, control 0.04 

1 day, foliar, 200 mg (OP) 0-02 

1 day, foliar, 200 mg °- 03 

7 day, soil, control • 0 

7 day, soil, control 0.02 

7 day, soil, 200 mg (OP) 0.56 

7 day, foliar, 200 mg SP 0.14 

14 day, soil, 200 mg SP 0.25 

14 day foliar, control 0.28 

14 day, foliar, 200 mg 0.06 



1.05 2-7 

0.90* 2 ' 4 

0.19 4 - x 

0.19 4 - 3 



3.7 
3.2 
3.1 

5.1 
1.4 
3.7 
3.4 

5.1 

0.50 

0.15 



.Purified product ,iv.» positiv. raspons. in Drosopbil. call-Una 

assay. 

Thus, a .oil application a. 200 a, is suffuciant for up.ak. 
o£ JZ and transport to endospar. in ,uantitias sufficiant for 
inducible activity. 

EXAMPLE 12 
Endosperm Specific Sana expression 

various constructs ar. -» »sin, convantioaal donin, 
technics and ar. tastad for end.sp.r- activity u. u, «• 
e^r «r n». «. nuabar of blu. stains ..r. count- and tn. 
ZL obtained are aiven belo. for th. constructs tasted. 

Construct Endosperm Ua« 

Full 35S L 

1 

minimal 35 S 

5 7 0 
LMWG/35S Dmf 
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HMVG/35S 



2.3 



0 



minimal HSP 



0 



0 



LMUG/HSP 



7.7 



0 



HMVG/HSP 



3.3 



1.3 



EXAMPLE 13 



ANTISENSE 



Three different clones of an endosperm culture, 1818-2, 
1618-3, and 1618-4 transformed vith the Sh-2 antisense cDNA 
(plasmid pl618) are prepared and verified by NPTII ELISA assays. 
ADP glucose pyrophosphorylase assays are performed on each 
transformed line and compared to results of the untransf ormed 
culture from the same line (636). The results are given in 
Figure 7, and as can be seen the Sh-2 anti-sense cDNA 
significantly diminishes ADP glucose pyrophosphorylase activity. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Nichols, Scott E. 

Pauly, Michael 
Weeks, Donald 
Sinibaldi, Ralph M. 
Fred C. Baker 
Marian L. Duncan 

(ii) TITLE OF INVENTION: Improved Supersweet 
(iii) NUMBER OF SEQUENCES : 1 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9824 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL : NO 
(iv) ANTI-SENSE : NO 



. (xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
AAGCTTTTAA AAGTTTCTAA TGTGAATTGT TTTTCTTTTA ACTTAAATAC TCATTCAGCG 
AAAGGTCCTC TAGCGTAATG GGTAAGGATT CCGAGTATCA CCTCTAGGTT CTGGGTTCGA 
CCTCATCGGG GGCGAATTTC GGGCTTGGTT AAAAAAAATA CTCTCACTGT GCCCCGCCCG 
CTCCCGGGTT ACGTTCTGCG CGCCACCCTC TGGCTGGGCT GTTGTAAAGT GGGCGATGAC 
GGCCCGCIAG TGATGGGGGG CAGGGGTGGA CCCAAGTACG GCTGAGTGAG GGCACATGCC 
CCCGCCCATT TCTTTGTTCT AAGTACTAGG GTCTAAATTT TCACCATGAG GCCCCCTGCT 
TAGTCTAATT TAGATGCCCT TGCTCTGGTA TTTTGATGCT CGTCCTTACA AGTATGCCCT 
TAGTCATATT TTGTCCTGGG TCCGCCCCTG ATGAGAGGGG CCAGGGTTTA GAGATTTTCT 
CGGCCGGGAC CAATGTTCTG GTCTCTTCTT AATATAATAC CGGGACACIC TTTCCCTCTC 
CGGCCGAGTT TTTTATACTC ACTCTAGGTG CAAACGTAAG TTGTTCAGGC TTGTGCTTAA 
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GGATTAAGAA 


AGTAAATCAA 


ATGACCATGT TACACTTTTT 


TTATTTATAC 


CGTATCGGAA 


660 


AGATAAACCA 


TTTATCTGTG AGTGGTAGCA TGGTCAAGGA GAAAAAAATA 


GATGCATAGA 


720 


GGTTCTGGGA 


CGACTCACAT 


TTAGAGCATA GTTGAAAAGG 


CTAAAACAAC 


CAGGAGGGGG 


780 


TGGGGTCGGG 


ATACATAAAT 


TTTCATGAGT GATGGTTGAA 


CTATTGAGGG 


TGCAAAATAA 


840 


TTTTTTCAAC 


AAATAATGTG 


GTGAAATACC TAAGAGGGGT 


GCACCTAGCA 


TAGATTTTTT 


900 


GGGGCTCCCC 


TTGGCCTCTC 


CTTTCTTCCG CCCTGAAAAC 


AACCTACATG 


GATACATCTG 


960 


CAACCAGAGG 


GAGTATCTGA 


TGCTTTTTCC TGGGCAGGGA 


GAGCTATGAG 


GCGTATGTCC 


1020 


TCAAAGCCAC 


TTTGCATTGT 


GTGAAACCAA TATCGATCTT 


TGTTACTTCA 


TCATGCGTGA 


1080 


ACATTTGTGG 


AAACTACTAG 


CTTACAAGCA TTAGTGACAG 


CTCAGAAAAA 


AGTTATCTCT 


1140 


GAAAGGTTTC 


ATGTGTACCG 


TGGGAAATGA GAAATGTTGC 


CAACTCAAAC 


ACCTTCAATA 


1200 


TGTTGTTTGC 


AGGCAAACTC 


TTCTGGAAGA AAGGTGTCTA 


AAACTATGAA 


CGGGTTACAG 


1260 


AAAGGTATAA 


ACCACGGCTG 


TGCATTTTGG AAGTATCATC 


TATAGATGTC 


TGTTGAGGGG 


1320 


AAAGCCGTAC 


GCCAACGTTA 


TTTACTCAGA AACAGCTTCA 


ACACACAGTT 


GTCTGCTTTA 


1380 


TGATGGCATC 


TCCACCCAGG 


CACCCACCAT CACCTATCTC 


TCGTGCCTGT 


TTATTTTCTT 


1440 


GCCCTTTCTG 


ATCATAAAAA 


ATCATTAAGA GTTTGCAAAC 


ATGCATAGGC 


ATATCAATAA 


1500 


TTCAATATGC 


TCATTTATTA ATTTGCTAGC AGATCATCTT CCTACTCTTT 


ACTTTATTTA 


1560 


TTGTTTGAAA 


AATATGTCCT 


GCACCTAGGG AGCTCGTATA 


CAGTACCAAT 


GCATCTTCAT 


1620 


TAAATGTGAA 


TTTCAGAAAG 


GAAGTAGGAA CCTATGAGAG 


TATTTTTCAA 


AATTAATTAG 


1680 


CGGCTTCTAT 


TATGTTTATA GCAAAGGCCA AGGGCAAAAT TGGAACACTA 


ATGATGGTTG 


1740 


GTTGCATGAG 


TCTGTCGATT ACTTGCAAGA AATGTGAACC TTTGTTTCTG 


TGCGTGGGCA 


1800 


TAAAACAAAC 


AGCTTCTAGC 


CTCTTTTACG GTACTTGCAC TTGCAAGAAA 


TGTGAACTCC 


1860 


TTTTCATTTC 


TGTATGTGGA 


CATAATGCCA AAGCATCCAG 


GCTTTTTCAT 


GGTTGTTGAT 


1920 


GTCTTTACAC 


AGTTCATCTC 


CACCAGTATG CCCTCCTCAT 


ACTCTATATA 


AACACATCAA 


1980 


CAGCATCGCA 


ATTAGCCACA AGATCACTTC GGGAGGCAAG TGCGATTTTG 


ATCTTGCAGC 


2040 


CACCTTTTTT 


TGTTCTGTTG TAAGTATACT TTCCCTTACC ATCTTTATCT 


GTTAGTTTAA 


2100 


TTTGTAATTG 


GGAAGTATTA GTGGAAAGAG GATGAGATGC TATCATCTAT 


GTACTCTGCA 


2160 


AATGCATCTG 


ACGTTATATG AGCTGCTTCA TATAATTTGA ATTGCTCCAT 


TCTTGCCGAC* 


2220 
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AATATATTGC AAGGTATATG CCTAGTTCCA TCAAAAGTTC TGTTTTTTCA TTCTAAAAGC 
ATTTTAGTGG CACACAATTT TTGTCCATGA GGGAAAGGGA ATCTGTTTTG GTTACTTTGC 
TTGAGGTGCA TTCTTCATAT GTCCAGTTTT ATGGAAGTAA TAAACTTCAG TTTGGTCATA 
AGATGTCATA TTAAAGGGCA AACATATATT CAATGTTCAA TTCATCGTAA ATGTTCCCTT 
TTTGTAAAAG ATTGCATACT CATTTATTTG AGTTGCAGGT GTATCTAGTA GTTGGAGGAG 
ATATGCAGTT TGCACTTGCA TTGGACACGA ACTCAGGTCC TCACCAGATA AGATCTTGTG 
AGGGTGATGG GATTGACAGG TTGGAAAAAT TAAGTATTGG GGGCAGAAAG CAGGAGAAAG 
CTTTGAGAAA TAGGTGCTTT GGTGGTAGAG TTGCTGCAAC TACACAATGT ATTCTTACCT 
CAGATGCTTG TCCTGAAACT CTTGTAAGTA TCCACCTCAA TTATTACTCT TACATGTTGG 
TTTACTTTAC GTTTGTCTTT TCAAGGGAAA TTTACTGTAT TTTTTGTGTT TTGTGGGAGT 
TCTATACTTC TGTTGGACTG GTTATTGTAA AGATTTGTTC AAATAGGGTC ATCTTATAAT 
TGTTTGAAAT CTGGGAACTG TGGTTTCACT GCGTTCAGGA AAAAGTGAAT TCTTGGTTAC 
TGCATGAATA ACTTATGGAA ATAGACCTTA GAGTTGCTGC ATGATTATCA CAAATCATTG 
CTACGATATC TTATAATAGT TCTTTCGACC TCGCATTACA TATATAACTG CAACTCGTAG 
TTGCGTTAAA AAAAATGCAA CTCTTAGAAC GTTCACCAGT GTAATCTTTC CTGAATTGTT 
ATTTAATGGC ATGTATGCAC TACTTGTATA CTTATCTAGG ATTAAGTAAT CTAACTCTAG 
GCCCCATATT TGCAGCATTC TCAAACACAG TCCTCTAGGA AAAATTATGC TGATGCAAAC 
CGTGTATCTG CTATCATTTT GGGCGGAGGC ACTGGATCTC AGCTCTTTCC TCTGACAAGC 
ACAAGAGCTA CGCCTGCTGT AAGGGATAAC ACTGAACATC CAACGTTGAT TACTCTATTA 
TAGTATTATA CAGACTGTAC TTTTCGAATT TATCTTAGTT TTCTACAATA TTTAGTGGAT 
TCTTCTCATT TTCAAGATAC ACAATTGAAC CATAATCGAA GTGGTATGTA AGACAGTGAG 
TTAAAAGATT ATATTTTTTG GGAGACTTCC AGTCAAATTT TCTTAGAAGT TTTTTTGGTC 
CAGATGTTCA TAAAGTCGCC GCTTTCATAC TTTTTTTAAT TTTTTAATTG GTGCACTATT 
AGGTACCTGT TGGAGGATGT TACAGGCTTA TTGATATCCC TATGAGTAAC TGCTTCAACA 
GTGGTATAAA TAAGATATTT GTGATGAGTC AGTTCAATTC TACTTCGCTT AACCGCCATA 
TTCATCGTAC ATACCTTGAA GGCGGGATCA ACTTTGCTGA TGGATCTGTA CAGGTGATTT 
ACCTCATCTT GTTGATATGT AATACTGTAA TTAGGAGTAG ATTTGTGTGG AGAGAATAAT 
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AAACAGATGC CGAGATTCTT CTCTAAAAGT CTAGATCCAA AGGCATTGTG GTTCAAAACA 3900 

CTATGGACTT CTACCATTTA TGTTATTACT TTGCCTTAAT GTTCCATTGA ATAGGGCAAA 3960 

TTATTGATTC TACAAGTGTT TAATTAAAAA CTAATTGTTC ATCCTGCAGG TATTAGCGGC 4020 

TACACAAATG CCTGAAGAGC CAGCTGGATG GTTCCAGGGT ACAGCAGACT CTATCAGAAA 4080 

ATTTATCTGG GTACTCGAGG TAGTTGATAT TTTCTCGTTT ATGAATGTCC ATTCACTCAT 4140 

TCCTGTAGCA TTGTTTCTTT GTAATTTTGA GTTCTCCTGT ATTTCTTTAG GATTATTACA 4200 

GTCACAAATC CATTGACAAC ATTGTAATCT TGAGTGGCGA TCAGCTTTAT CGGATGAATT 4260 

ACATGGAACT TGTGCAGGTA TGGTGTTCTC TTGTTCCTCA TGTTTCACGT AATGTCCTGA 4320 

TTTTGGATTA ACCAACTACT TTTGGCATGC ATTATTTCCA GAAACATGTC GAGGACGATG 4380 

CTGATATCAC TATATCATGT GCTCCTGTTG ATGAGAGGTA ATCAGTTGTT TATATCATCC 4440 

TAATATGAAT ATGTCATCTT GTTATCCAAC ACAGGATGCA TATGGTCTAA TCTGCTTTCC 4500 

TTTTTTCCCT TCGGAAGCCG AGCTTCTAAA AATGGGCTAG TGAAGATTGA TCATACTGGA 4560 

CGTGTACTTC AATTCTTTGA AAAACCAAAG GGTGCTGATT TGAATTCTAT GGTTAGAAAT 4620 

TCCTTGTGTA ATCCAATTCT TTTGTTTTCC TTTCTTTCTT GAGATGAACC CCTCTTTTAG 4680 

TTATTTCCAT GGATAACCTG TACTTGACTT ATTCAGAAAT GATTTTCTAT TTTGCTGTAG 4740 

AATCTGACAC TAAAGCTAAT AGCTACTGAT GTTGCAGAGA GTTGAGACCA ACTTCCTGAG 4800 

CTATGCTATA GATGATGCAC AGAAATATCC ATACCTTGCA TCAATGGGCA TTTATGTCTT 4860 

CAAGAAAGAT GCACTTTTAG ACCTTCTCAA GTAATCACTT TCCTGTGACT TATTTCTATC 4920 

CAACTCCTAG TTTACCTTCT AACAGTGTCA ATTCTTAGGT CAAAATATAC TCAATTACAT 4980 

GACTTTGGAT CTGAAATCCT CCCAAGAGCT GTACTAGATC ATAGTGTGCA GGTAAGTCTG 5040 

ATCTGTCTGG AGTATGTGTT CTGTAAACTG TAAATTCTTC ATGTCAAAAA GTTGTTTTTG 5100 

TTTCCAGTTT CCACTAGTTT TTATTTACCA ATGCACGATT TATGTATTTT CGCTTCCATG 5160 

CATCATACAT ACTAACAATA CATTTTACGT ATTGTGTTAG GCATGCATTT TTACGGGCTA 5220 

TTGGGAGGAT GTTGGAAAAT CAAATCATTC TTTGATGCAA ACTTGGCCCT CACTGAGCAG 5280 

GTACTCTGTC ATGTATTCTG TACTGCATAT ATATTACCTG GAATTCAATG CATAGAATGT 5340 

GTTAGACCAT CTTAGTTCCA TCCTGTTTTC TTCAATTAGC TTATCATTTA ATAGTTGTTG 5400 

GCTAGAATTT AAACACAAAT TTACCTAATA TGTTTCTCTC TTCAGCCTTC CAAGTTTGAT 5460 
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OTTACGATC CAAAAACACC TTTCTICACT GCACCCCGAT GCtTGCCTCC GACGCAATTG 
GACAAGTGCA AGGTATGTCT TACTGAGCAC AATTGTTACC TGAGCAAGAT TTTGTGTACT 
TGACTTGTTC ICCTCCACAG ATGAAATATG CATTTAICtC AGATGGTTGC TTACTGAGAG 
AATGCAACAI CGAGCATTCT GTGATTGGAG ICIGCICACG TGTCAGCTCT GGATGTGAAC 
TCAAGGTACA TACTCIGCCA ATGTATATGC TGAIOTTA TACATTCTCT TGCATAATTT 
GATTCGAGTC ACCACAATTA GIGIAACIGC AAtCTACTCI TGAGTATACC ATTTCAACAC 
CAAGCAICAC CAAATCACAC AGAACAATAG CAACAAAGCC mlAGITCC AAGCAATTTA 
GGGTAGCCTA GAGTTGAAAT CTAACAAAAC AAAAGTCAAA GCTCTATCAC GTGGATAGTT 
GTTTTCCATG CACtCTTATt TAAGCTAATT TTTGGGTATA CIACAICCAT TTAATTATTG 
TTTTATTGCT TCTTCCCITT GCCTTTCCCC CATTACTATC GCGTCTTAAG ATCATACTAC 
GCACTAGTGT CTTTAGAGGT CTCTGGTGGA CATGTTCAAA CCATCTCAAT CGGTGTTGGA 
CAAGTTTTTC TIGAAITOT GCTACACCTA ACCTATCACG TAIGICAICG TTTCAAACTC 
GATCCTTCCT GIATCAICAT AAATCCAATG CAACATACAC ATTTATGCAA CATTTATCTG 
TTGTACATGT CAICmUG TAGGTTAACA 1TATGCACCA TACAATGTAG CATGTCTAAT 
CATCAICCIA TAAAATTTAC ATTTTAGCTT ATGTGGTATC CTCITGCCAG TTAGAGCATC 
ATATGCTTGA TGCCATTECA TCCACCCTGC TTTGATTCTA TGGCTAACAT CTTCATTAAT 
ATCCTCGCCT CTCTGTATCA TTGGTCCTAA ATATGGAAAT ACATTCTTTC TGGGCACTAC 
TIGACCITCC AAACTAACGT CICCItTGAT CCTTrOTGI GTGTAGTAGT ACCGAAGTCA 
CAIGICAIAI ATTCGGTTTT AGTTCIACTA AGTCCCGGGT TCGATCCCCC TCAGGGGTAA 
ATTTCGGGTT IGGtAAAAAA AATCCCCICG CTGIGICCOG CCCGCTCtCG GGGAICGATA 
TCCIGCGCGC CACCCICCGG CTGGGCATTG CAGAGTGGGC AGTTGATCGG CTCGTTAGTG 
ATGGGGAGCG GGGTTCAAGG GTtTTCTCGG CCGGGACCAI GTTTCGGId CTTAATATAA 
TACCGGGAGG CAGICmCC CTCCCCGGIC GAGrTTTAGT TOACCGAGT CIAAAACCIT 
TGGACTCTAG AGTCCTCTGT CACAACTCAC AACTCTAGTT TTCTATTTAC TTCIACCTAG 
CGTTTATTAA IGATCACTAI ATCGTCTGTA AAAAGGATAC AGCAAGGTAA TCCCCTTGTA 
TGTCCCITGI AATATTATCC ATCACAAGAA AAAAAAGGTA AGGCICAAAG TTGACTTTTG 
AIAIAATCCI ATTCTAATCG AGAAGTCATC TGTATCTTCG ICICTIGITG GAACACIAGT 
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CACAAATTTT TTTGTACATG TTCTTAATGA GTCCAACGTA ATATTCCTTG ATATTTTGTC 7140 

ATAAGCCCTC ATCAAGTCAA TGAAAATCGC GTGTAGGTCC TTCATTTGTT CCTTATACTG 7200 

CTCCATCACT TGTCTCATTA AGAAAATATC TCTCATAGTT AACCTTTTGG CATGAAACAA 7260 

AATCACACAG AAGTTGTTTC CTTTTTTTAA CATCCCACAC AAAAGAGGTT TGATCTAAGG 7320 

AATCTGGATC CCTGACAGGT TTATCAAAAT CCTTTGTGTT TTTCTTAAAA CTGAATATTC 7380 

CTCCAGCTTC TAGTATTGAT GTAATATTCA ATCTGTTTAG CAAGTGAACA CCTTGGTTCT 7440 

TGTTGTTACT GTACATCCCA CCCACCCCCC GAGGCCCAGA TTACCACGAC ATGAATACAA 7500 

GAATATTGAA CCCAGATCTA GAGTTTGTTT GTACTGTTGA AAATCGGTGA CAATTCATTT 7560 

TGTTATTGCG CTTTCTGATA ACGACAGGAC TCCGTGATAT GGGAGCGGAC ATCTATGAAA 7620 

CTGAAGAAGA AGCTTCAAAG CTACTGTTAG CTGGGAAGGT CCCAGTTGGA ATAGGAAGGA 7680 

ACACAAAGAT AAGGTGAGTA TGGATGTGGA ACCACCGGTT AGTTCCCAAA AATATCACTC 7740 

ACTGATACCT GATGGTATCC TCTGATTATT TTCAGGAACT GTATCATTGA CATGAATGCT 7800 

AGGATTGGGA AGAACGTGGT GATCACAAAC AGTAAGGTGA GCGAGCGCAC CTACATGGGT 7860 

GCAGAATCTT GTGTGCTCAT CTATCCTAAT TCGGTAATTC CTATCCAGCG CTAGTCTTGT 7920 

GACCATGGGG CATGGGTTCG ACTCTGTGAC AGGGCATCCA AGAGGCTGAT CACCCGGAAG 7980 

AAGGGTACTA CATAAGGTCT GGAATCGTGG TGATCCTGAA GAATCAACCA TCAACGATGG 8040 

GTCTGTCATA TAGATCGGCT GCGTTTGCGT CTACAAAACA AGAACCTACA ATGGTATTGC 8100 

ATCGATGGAT CGTGTAACCT TGGTATGGTA AGAGCCGCTT GACAGGAAGT CGAGCGTTCG 8160 

GGCGCAAGAT GCGTAGTCTG GCATGCTGTT CCTTGACCAT TTGTGCTGCT AGTATGTACT 8220 

GTTATAAGCT GCCCTAGAAG TTGCAGCAAA CCTTTTTATG AACCTTTGTA TTTCCATTAC 8280 

CTGCTTTGGA TCAACTATTT CTGTCATCCT ATATATTACT AAATTTTTAC GTGTTTTTCT 8340 

AATTCGGTGC TGCTTTTGGG ATCTGGCTTC GATGACCGCT CGACCCTTGG CCATTGGTTC 8400 

AGCTCTGTTC CTTAGAGCAA CTCCAAGGAG TCCTAAATTT TGTATTAGAT ACGAAGGACT 8460 

TCAGCCGTGT ATGTCGTCCT CACCAAACGC TCTTTTTGCA TAGTGCAGGG GTTGTAGACT 8520 

TGTAGCCCTT GTTTAAAGAG GAATTTGAAT ATCAAATTAT AAGTATTAAA TATATATTTA 8580 

ATTAGGTTTA ACAAATTTGG CTCGTTTTTA GTCTTTATTT ATGTAATTAG TTTTAAAAAT 8640 

AGACTATATT TAATACGAAA TTATCATTTA AATATTTGAT ATGACAGAGA CTAGATTTTA 8700 
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GCTGAGTGAA ACAATAATCA CTTTGGTATG GATAAATGTT CCCGTGGTTA TCCACTTGAA 
AAACCGAGGG TGTTGTTGTC TCTGTCGTCT TATCGGGACA TGAACCACGC GAGTTTCCAT 
GCAGGAACCT GGAATTCCAT CCCATGTAGT GCAACTAGGA ATCCCATTCC ATGTAGTACA 
AACAGAACCT AGAATCCAAT GGGTCATCTC TGAGTGAGGG ACGTCCAAGT GAGTATCCAT 
GTACGGATAA GGAGGCTACA TATTTAGGCC CGGTTTCAAT CTCACAGGAT AAATTTTAGC 
TTCCTGCTAA ACTTTAGCCA TATAAATTGA AGTGCTAAAG TTTAGCTCCT GTGGTATTTG 
GACTACTCTA ATAAAGTTTA GCACATTGGA ATAAAAAGAC ACATATGCCC TTAATGCGGA 
GAGAGAGGGA ATGATGTTGG AGGGTATGGA TGAAAAATGG GGTTCCCTCG CCCACGTTTA 
GCTACTTTTA GCACCTCTTG AGCAGTTTAT GAGATAATAT GTGCTAAATT TTATCACACC 
ATCATTAGCT CTCTCGTTTA GATCACTAAA TGGCTAAAAG TAGCTAAAAA AGTTGCTAAA 
GTTTATCTAG TGGGATTGAA ACAGGACCTT AATAAAGATG GTGTTTAAAT GCATTAGAGC 
TAATAGTTAG TTGACAAAAA AATTGACGGT GAAATTAGCT AGCTAACAAA TAGCTAGCTA 
ACTATTAGCT AATTTGTTAA AAATAGCTAA TAGCTGAACT ATTAGCTATA TTGTTTAGAT 
GTCTTCAGCT AATTTTAACA GCTAACTATT AGCTCTATTG CATTCAAACA CCCCTTAAGT 
CGTGGCTTGT GAAAAAGTTG ATGTAAGTTG TGCACGGTAG AGGATGACGT AGAAAGTTAT 
TTGGTTCAAA CAAGTTGTTT GATTTACGAT TTGTAACGCA AATGACAATG GTAATGATTC 
ACACTCAAGT GACAGTTAGG AGTGGTAATG GATCACGATC CAAATGTTTC TTCACAAAAT 
GGTAGTGCCC TAAATAAATT TTAGTTCAAA AATGAATAAA AATATGGCTG ATTCTAACTT 
GATCTGATCC TTAAATCTTA TAGCGTAAAA TTTGAGACTT ATTG 
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CLAIMS: 

1. Corn vhich has supersveet kernels at the time of harvest 
for food, and vhich has starchy kernels at the time of harvest for 
seed. 

2. Supersveet corn according to claim 1, vhich has been 
genetically modified to express ADP-glucose phosphorylase 
(ADP-GPP) activity at approximately 25-30 days post pollination. 

3. Supersveet corn according to claim 2 vhich is homozygous 
recessive sh-2, and contains vithin its genome a functional Sh-2 
gene under the control of a heterologous promoter. 

4. Supersveet corn according to claim 2 vhich is homozygous 
recessive bt-2, and contains vithin its genome a functional Bt-2 
gene under the control of a heterologous promoter. 

5. Supersveet corn according to claim 2 vhich is sh-2 and/or 
bt-2 homozygous recessive and contains vithin its genome a 
functional Sh-2 gene under the control of a heterologous promoter 
and a functional Bt-2 gene under the control of a heterologous 
promoter. 

6. Supersveet corn according to any one of claims 3-5 
vherein the heterologous promoter is a developmentally delayed 
promoter. 
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7. Supersweet corn plant according to any one of claims 3-5 
vherein the heterologous promoter is an inducible promoter. 

8. Sveet corn according to claim 1 vhich has been 
genetically modified by inclusion of anti-sense DNA the 
transcription of which is regulated or regulable such that 
expression of ADP-glucose pyrophosphotylase activity is or can be 
inhibited until at least 25 to 30 days post pollination. 

9. Sveet corn according to claim 8 vhich contains vithin its 
genome anti-sense Sh-2 DNA under the control of a heterologous 

, j DNA under the control of a 

promoter or/and anti-sense BW una un« 

heterologous promoter. 

10. Sveet corn according to claim 9 vherein the heterologous 
promoter is an inducible promoter. 

11. Sveet com according to claim 9 vherein the heterologous 
promoter is active in early endosperm development. 

12. A supersveet or sveet corn plant according to any of the 

preceding claims. 



13. Corn 



seed according to any of Claims 1 to 11. 
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14. A DNA expression cassette comprising a protein coding 
DNA sequence and a promoter, vherein the DNA sequence comprises 
DNA coding for a protein having the activity of a corn ADP-GPP 
subunit and the promoter comprises a developmentally delayed 
promoter or an inducible promoter. 

15. A DNA transcription cassette comprising an anti-sense 
DNA sequence complementary to a DNA sequence vhich codes for a 
peptide having the activity of a corn ADP-GPP submit and an 
inducible promoter or a promoter vhich is active during early 
endosperm development. 

16. A vector containing a DNA cassette according to claim 

14 or 15. 

17. A process for the transformation of corn in vhich the 
corn is transformed with a DNA cassette according to claim 14 or 

15 or a vector according to claim 16. 

18. Corn when transformed by a process according to claim 

17, 

, 19. Progeny of corn according to claim 18. 

20. A cultivation process in vhich supersveet com according 
to claim 7 or sveet corn according to claim 10 is cultivated and 
exposed to an inducer at the time required for food or seed 
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harvest. 

21. A genomic clone of Sh-2. 

22. A genomic clone of Sh-2 as deposited vith the ATCC under 
accession number 75129 and parts, variants and analogues thereof. 

23. A genomic clone of Sh-2 having a DNA sequence 
substantially as sec out in SEQ ID No: 1 of the Sequence Listing. 

24. A genomic clone of Bt-2. 

25. A genomic clone of Bt-2 as deposited vith the ATCC under 
accession number 75130 and parts, analogues and variant thereof. 
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Figure 1. Sh-2 mRNA in 201 X 202 and 101 Northern blot probed with "P-labelled Sh- 
2' cDNA. Lanes: 1-5 201 X 202; 1-2.5 ug 25 dpp endosperm bound polysomal RNA; 2- 
2.5 ug 25 dpp endosperm free polysomal RNA; 3-10 ug 25 dpp total endosperm RNA; 4-- 
10 ug leaf RNA; 5-10 ug root RNA; 6-10 ug 21 dap 101 RNA. 
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Figure 2. Bt-2 mRNA in 201 X 202 and 101 The blot in Figure 1 was stripped 
subsequendy probed with n P-labelled Bt-2 cDNA. 
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Sal 1(2700) 



Sal I(l) 



Eco RI(4700) 



ECORI(8200) 

Eco RI(8900) Hin ^u^^) 

Eco RK10600) 



< 



ea. 8 kb coding region 



Sal KU900) 



J 



Bam HI (6200) 
Hin dm(S900) 



Hin dUI(i0900) 
Xho 1(9400) 



Xho 1(3300) 



c mmnndte Restriction Map of the Sh-2 Genomic Clone. Composite map of 
Figure 5. Composite Kesincnun m*p «• » indicated by the arrow, 

clones X 4.2 and X 8.2.2. Regions hybndmng to the Sh-2 cDNA are inoicatea oy 
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Figure 6. Restriction Map of the Bt-2 Genomic Gone. The airow indicates regions 
hybridizing to the Bt-2 cDNA. 
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Figure 1. ADP glucose pyruphosphorylase activity of anti-sense transformants. 

17.5 ug of lotal soluble cellular prorein was added to each assay. The assay is coupiec 
to NADP reduction and absorbance at 340 run is measured. 
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